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Abstract 
The objectives of this research are to detect the changes of the areas of the Dead Sea (DS) surface water and evaporation ponds 
during the past 31 years, and to emphasize the effect of DS area changes on the surrounding groundwater body. A subset of 
each of the Landsat (MSS), Landsat (TM), and ASTER (VNIR), acquired in 1973, 1987 and 2004, respectively, were used in 
this study. By comparing only the DS area with the evaporation pond area in the last 31 years and with the aid of the GIS tools 
to represent the changes spatially, the evaporation pond area has increased from 32.5 km2 in 1973 to 231.3 km2 in 1987, and 
then reached to 244.6 km2 in 2004. On the other hand, the DS area has declined from 922 km2 in 1973 to 671.7 km2 in 1987, 
and then to 641.3 km2 in 2004. DS is hydraulically connected with the lower aquifer system of the surrounding groundwater 
basins. Thus, any drops in the DS water level will have a direct effect on the surrounding groundwater body, letting the 
groundwater to flow toward the DS due to its position at the lowest point on earth, therefore, causing for the shared countries to 
loose every year millions of cubic meters of water from its groundwater storage, which may create a serious environmental 
problem in the DS region. 
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1. Introduction  
Remote sensing provided valuable information that has a wide range of applications in water resources management. The 
monitoring of land use/cover changes over time has been widely used within the scientific communities. Land use/cover 
change detection using remote sensing and geographic information system (GIS) technologies were approved to be powerful 
tools for evaluating the environmental conditions and 
human activities in different ecosystems.  
For more than 40 years Dead Sea (DS) (Figure 1) 
was facing an environmental problem due to the 
continuous drop of its sea level. During this period the 
amount of water which was used to flow into the DS was 
estimated to be 1980 million cubic meter per year 
(MCM/year), but due to the projects done by shared 
countries (Israel, Jordan, and Syria) in the DS catchment’s 
area during the last 4 decades this amount was reduced to 
around 617 MCM/year. The largest amount of water 
resources consumption has been done by Israeli government by preventing about 500 MCM/year of lake Tiberias from flowing 
into the Jordan river which was considered the major source of feeding the DS, beside hundreds of MCM/year, which were 
diverted or dammed by the same country, coming from west side wadis near Jordan river and DS’s west coast.  
Figure 1. Location map of the study area 
The 617 MCM/year mentioned earlier was still without taking into consideration the new dams, which were constructed in 
Jordan during the last 4 years such as Mujeb dam and Wala dam with capacities 35 MCM/year and 9 MCM/year, respectively. 
The 44 MCM/year of storage quantity of these new dams should be subtracted from 617 MCM/ year mentioned above to be 573 
MCM/year. 
DS was consisted of two parts the deep northern part with maximum depth 728m bsl and the shallow southern part with an 
average depth does not exceed 10m. A drop of more than 1000 MCM/year of water inflow into the DS was able to let the 
southern part of the DS to become dry, which was converted totally after that into a huge evaporation ponds used for industrial 
work to extract the valuable minerals such as potassium, magnesium, calcium, and bromine. This process is still making 
unbalancing of the DS’s water resources by utilizing every year an average net amount of water around 300 MCM/year, which 
means that the net amount of water reaches the DS now is equal 273 MCM/year. 
Landsat Multi-Spectral Scanner (MSS), acquired in January 1973, Landsat Thematic Mapper (TM), acquired in August 
1987, and ASTER visible and near infrared radiometer (VNIR) image, acquired in September 2004, were employed for 
evaluating the land use/cover change in the DS region. 
There are two main objectives of this study, the first one was to study the DS area change detection, and the second objective 
was to emphasize the effects of the changes of DS area on the surrounding groundwater body especially from Jordanian side. 
2. Methodology: 
2.1 Geometric Correction: 
A subset of each of the Landsat Multi-Spectral Scanner (MSS), with 57 m spatial resolution, acquired in January 1973, 
Landsat Thematic Mapper (TM), with 28.5 m spatial resolution, acquired in August 1987, and ASTER visible and near infrared 
radiometer (VNIR) image, with 15 m spatial resolution acquired in September 2004 were used for evaluating land use/cover 
change detection of the DS region. The digital images were geometrically rectified to each other to facilitate their comparison, 
which was georeferenced to UTM map projection (Zone 36), and WGS84 ellipsoid. The resultant root mean square error 
(RMSE) was less than 0.5 pixels, indicating an excellent registration. The nearest neighbor resampling method was used to avoid 
altering the original pixel values of the image data.   
2.2 Image Classification: 
To map changes that had occurred between the three dates, Landsat MSS, TM, and ASTER images were individually used 
as input for supervised classification using 
maximum likelihood classifier. A modified 
version of Sato-Tateishi Land Cover 
Guideline (ST-LCG) (Sato and Tateishi, 
2002) was adopted and used as a 
classification scheme design for this study. 
In total, five land use/cover classes were 
included in the scheme: urban, vegetation, 
water, evaporation pond, and bare land. 
The spatial distributions of all five classes 
were extracted from each of the land use/cover maps of 1973, 1987 and 2004 (Figure 2).  
3. Results and Discussion:  
3.1 Change Detection: 
For this study, the post-classification comparison change detection approach was employed. Among the five land 
use/cover classes (Table 2); there are two major classes of interest in DS region: water and evaporation pond. Water class 
represents the DS water and a very small part of the Jordan River water, while the evaporation pond class represents all the 
evaporation ponds used by Potash companies in both sides, Jordan and Israel, for minerals extraction purpose. 
Table (2) Land use/cover change for the studied area as extracted from the digital images 
  1973 1987 2004 
Class 
Class Area 
(Km2) 
Class (%) 
Class Area 
(Km2) 
Class (%) 
Class Area 
(Km2) 
Class (%) 
Urban 8.8  0.3% 16.8  0.6% 40.4  1.5% 
Vegetation  49.3  1.9% 40.0  1.5% 68.8  2.6% 
Water  922.3  35.7% 678.9  25.3% 644.4  24.0% 
Evaporation Pond 34.8  1.3% 233.7  8.7% 245.6  9.2% 
Bare Land 1567.8  60.7% 1714.3  63.9% 1680.7  62.7% 
By comparing only the DS area, where a significant change has occurred (Table 3), the results show that the DS area has 
a continuing decline. In 1973, there were 922 km2 of the water-covered area declined to 671.7 km2 by 1987, and then to 641.3 
km2 by 2004, thus representing a decrease of 30.1% in water-covered area between 1973 and 2004. On the other hand, the 
evaporation pond class has increased from 34.8 km2 (or 1.3%) in 1973 to 233.7 km2 (or 8.7%) in 1987, and then reached to 
245.6 km2 (or 9.2%) in 2004, thus representing an increment in the evaporation pond class is more than 7 times in land area. 
Table (3) a comparison between the areas of the Dead Sea and Evaporation Pan as extracted from Land use/cover 
maps 1973, 1987, and 2004 
  1973 1987 2004 
Dead Sea area (Km2) 922.0 671.7 641.3 
Evaporation Pond area (Km2) 34.8  233.7  245.6  
The main reasons of DS declination, as mentioned in (section 1), was due to the reduction in the amount of water 
resources which was used to flow into the DS, since most of these water was diverted or dammed by the three shared countries 
(Jordan, Syria and Israel), and due to the 
usage of the DS water itself by Potash 
companies (at both sides of Jordan and Israel) 
for the extraction of its minerals. 
For both classes of interest (water and 
evaporation pond) and by using the digital 
data of the three periods, with the aid of the 
GIS tools, the changes which have occurred 
in the DS were represented spatially during 
Figure 5. The continuous decrease of the DS water level is leading to increase the 
groundwater flow toward DS. 
the periods (1973-1987), (1987-2004) and 
(1973-2004) as shown in (Figure 3). During these 
periods, it was clear that the changes have occurred 
in the southern and western parts of the DS region 
(Fig. 3B) due to the shallow depths in these 
regions. 
In 1973 the evaporation pond was occupied 
only the end of the southern basin of the DS in the 
Israeli side, but during the period (1973–1987) 
when the southern part of the DS became dry, 
Israel expanded its industry and increased the number of evaporation ponds towards the north direction. In addition to that Jordan 
constructed the potash company and evaporation ponds at the end of 1970s, which means, the southern basin of the DS had been 
totally converted into an industrial area as shown in (Figure 4A). During the period from (1987–2004) both countries increased 
the number of evaporation ponds, Israel towards the southern direction and Jordan towards the northern direction of the 
evaporation ponds reaching by this its maximum area 244.6 km2 as shown in (Figure 4B).  
3.2 The effect of Land use/cover changes on the groundwater: 
The land use/cover change detection showed how the DS was shrinking due to the decreasing in its water level, resulted from 
the reduction in the amount of surface water, which was used to feed the DS, beside with the utilizing of the DS water for 
mineral extraction. This is not only the apparent problem of the DS, but there is also another major problem due to the effects 
of this phenomenon on the surrounding groundwater 
body. Because the DS is hydraulically connected with 
lower aquifer system, which is composed of 
Kurnub/Zarqa aquifer and Ram/Disi aquifer 
especially from Jordanian side, the continuous 
decrease in the DS water level is causing an increase 
in the hydraulic head between the DS and the 
groundwater, which consequently, leading to 
continuous flow of groundwater toward the DS since 
the latter is the lowest point (Figure 5). Thus, flowing 
of groundwater from the surrounding lower aquifer 
toward the hyper-saline water of the DS is causing for 
the shared countries to loose every year millions of 
cubic meters of fresh water from its groundwater storage (Salameh and El-Naser, 2000, and JICA, 2001). For that reason more 
care should be taken into consideration to not let the DS water level decrease more, otherwise, the groundwater which is 
considered a major water supply for Jordan will be lost due to the intensive use of the DS water for industrial work, which may 
lead in the future to increase the water crisis in this region. 
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